Background. The diagnosis of severe acute respiratory syndrome (SARS) is difficult early in the illness, because its presentation resembles that of other nonspecific viral fevers, such as dengue. Dengue fever is endemic in many of the countries in which the large SARS outbreaks occurred in early 2003. Misdiagnosis may have serious public health consequences. We aimed to determine simple laboratory features to differentiate SARS from dengue.
Dengue fever is endemic in many of the countries in which the large SARS outbreaks occurred in early 2003, in particular Singapore [7, 8] , Vietnam [9, 10] , and South China [11] . Symptoms of dengue fever are nonspecific. A maculopapular rash may appear, but often only at the time of defervescence (day 4-7 of illness), and is absent in 150% of cases [12] [13] [14] . Respiratory symptoms may also occur [14] . In the early stages of illness, clinical diagnosis of dengue includes the typical laboratory features, such as thrombocytopenia and lymphopenia-features that have also been reported in patients with SARS, even during the early phases [3, 15] . Dengue may therefore be hard to differentiate from SARS on clinical grounds.
Specific diagnostic tests also have limited use: commonly available diagnostic tests for dengue, such as detection of IgM antibody, do not yield positive results until 4-5 days after onset of illness [16] . SARS coronavirus serology may not accurately detect SARS coronavirus until 128 days after onset of symptoms [17] . A positive test result earlier is reliable, but a negative test result earlier is not definitive. Although quantitative real-time RT-PCR technologies have improved the di-agnosis of early SARS, sensitivity in the first week of illness remains poor [18] .
Dengue therefore poses a diagnostic dilemma in countries with concurrent outbreaks of SARS or in travelers returning from such countries. Misdiagnosing SARS as dengue may have serious public health consequences, whereas misdiagnosing dengue as SARS will lead to unnecessary alarm, isolation, contact tracing, and quarantine measures. In Singapore, an island state in Southeast Asia where dengue is endemic [7, 19] , misclassification of 1 of the patients with SARS as having dengue (and therefore not isolating that patient) led to extensive secondary transmission [20] . The aim of this study was to determine whether laboratory tests, either singly or in combination, could assist in the differentiation of early stages of SARS from dengue.
METHODS

Patients.
For patients with SARS, we conducted a retrospective case sheet review of the 206 patients with probable SARS, as notified to the Ministry of Health during the period of 14 March through 31 May 2003 on the basis of World Health Organization criteria. We selected those who were admitted to Tan Tock Seng Hospital (the designated SARS hospital) early in the disease before the occurrence of radiological changes and who later developed radiological changes and were confirmed to have SARS either by a positive result of a serological test or a positive result of PCR.
For patients with dengue, we used the data obtained from a prospective study of patients with dengue (confirmed by positive result for dengue IgM by EIA; PanBio) [7, 21] admitted to the same institution during the period of October 1997 through May 2000, by use of standardized forms for data collection.
Data. Age, sex, day of illness at admission (day 1 of illness was counted as the day of onset of fever), and hematologic and biochemical laboratory parameters at presentation were recorded. Only laboratory parameters obtained at the time of admission, before initiation of therapy, were analyzed. We classified laboratory parameters into normal or abnormal, with cutoffs derived from normal laboratory ranges of previously published studies of dengue [12, 22] . The clinical data collection from patients with dengue and SARS was approved by the Tan Tock Seng Hospital Ethics Committee.
Statistical analysis. In the univariate analysis, we compared the mean laboratory values for patients with dengue and with SARS by use of the independent Student's t test. For data that were not normally distributed, we used a natural logarithmic transformation to normalize the distribution. We used Fisher's exact test and/or x 2 test to compare the proportions of patients with abnormal readings between the 2 groups of patients.
We then performed a multivariate analysis by use of logistic regression models to determine the predicting and thus distinguishing parameters between patients with SARS and those with dengue. Starting from the most significant categorical predictor identified in the univariate analysis, we used the log-likelihood ratio test to see whether inclusion of a new covariate helped improve the fit of the multivariate model. Then, on the basis of the final model selected, the area under the curve from the receiver operating characteristic curve was used to determine the model's ability to discriminate between SARS and dengue. ORs and their 95% CIs were provided as estimates of the effect sizes. Those parameters identified as independent predictors by multivariate analysis were used for the predicted probability equation. The predicted probability (p i ) of dengue was calculated with the following equation:
and x 3 are indicator variables taking on the values of 1 for abnormal and 0 for normal variables. By use of the equation for predicted probability, we calculated the sensitivity (i.e., ability to identify dengue) and specificity (i.e., ability to rule out SARS) of the combination of independent laboratory predictors. Data analysis was done using Stata software, version 7.0 (Stata). The level of significance was set at 5%.
RESULTS
We identified a total of 55 patients with probable SARS who met the selection criteria. The mean age was 35.4 years (range, 14-72 years), and 15 (27.3%) were male. They were admitted a median of 3 days (range, 1-7 days) after onset of fever.
Data for 147 patients with dengue were included for comparative analysis. The mean age was 29.5 years (range, 15-71 years), and 116 subjects (78.9%) were male. They were admitted a median of 4 days (range, 2-8 days) after onset of fever.
The mean laboratory parameters at the time of hospital admission in patients with SARS and dengue are presented in table 2. Patients in both groups had low mean lymphocyte counts, but patients with dengue had significantly lower mean values for WBC, neutrophil, and platelet counts. Patients with dengue had significantly higher mean values for hemoglobin, hematocrit, alanine aminotransferase (ALT), aspartate aminotransferase (AST), urea, protein, and bilirubin than did patients with SARS. There were no differences in mean values of clotting profile or levels of sodium, potassium, creatinine, albumin, and alkaline phosphatase.
The proportion of patients with abnormal laboratory findings is shown in table 1. All patients with SARS and dengue had lymphopenia. A significantly higher proportion of patients with dengue fever had elevated liver transaminase levels, with increased AST and ALT levels, and reduced platelet, leukocyte, and neutrophil counts, whereas a significantly higher proportion of patients with SARS had normal leukocyte and neutrophil counts. Multivariate analysis showed that the only independent discriminating laboratory parameters between SARS and dengue were a platelet count of ! platelets/L, a WBC count 9 140 ϫ 10 of ! cells/L, and an AST level of 134 IU/L (table 3) . 9 5 ϫ 10 The OR of these 3 parameters to predict dengue versus SARS was high (table 3) , and the area under the curve was 0.99 (95% CI, 0.98-1.00), thus indicating that the model had a very good ability to discriminate between SARS and dengue. We performed a power calculation to see whether the calculations were adequately powered. For each of the variables in the multivariate analysis, we found that the study had a power exceeding 99% to detect any statistical significance, in terms of testing for differences in proportion.
By use of the equation for predicted probability, the sensi-tivity and specificity of the diagnosis of dengue for a patient with a combination of these laboratory parameters (platelet count of ! platelets/L, a WBC count of ! cells/ 9 9 140 ϫ 10 5 ϫ 10 L, and an AST level of 134 IU/L) were 75.4% and 100.0%, respectively.
DISCUSSION
The initial SARS epidemic was effectively contained worldwide, but sporadic cases continue to occur, and there is potential for new epidemics. The current focus is on ruling out SARS in patients presenting with undifferentiated fever-in particular, in travelers from countries previously affected with SARS. For patients without evidence of pneumonia at the initial evalua- tion, serial observations over time may be needed to identify those for whom isolation precautions can be discontinued safely [23] . Resolution of symptoms and lack of development of radiographic evidence of pneumonia by week 2 of illness argue against the diagnosis of SARS [17] . However, isolating all patients with fever of unknown origin over an extended period of time will overburden any health care system. This study has shown that, with a constellation of basic hematologic and biochemical laboratory parameters, it is possible to differentiate SARS from dengue fever, one of the common differential diagnostic dilemmas in early SARS in Asia. We identified 3 laboratory parameters independently predictive of distinction between dengue and early SARS: a low platelet count, low WBC count, and elevated AST level. For the analysis, we elected to use a cutoff of ! platelets/ 9 140 ϫ 10 L for platelet count, because this was the cutoff used in a study of hematologic manifestations in patients with SARS [22] , and this cutoff was also shown to be predictive in distinguishing dengue from other infectious diseases in Asia [12] . A WBC count of ! cells/L has been reported to have a high 9 5 ϫ 10 positive predictive value for dengue fever in patients presenting with febrile illnesses [12, 24] . The cutoff of 34 IU/L for elevated AST level was based on the upper limit of the normal range in our laboratory. A model with the combination of these 3 parameters and using these cutoff values identifies dengue correctly in 75% (sensitivity of 75%) and rules out dengue in 100% (specificity of 100%) of cases. From a public health point of view, a specificity of 100% is desirable so that no case of SARS will be misdiagnosed as dengue, and thus, the patient not be isolated, leading to secondary transmission. With a sensitivity of 75%, still ∼25% of patients with dengue will need to be isolated, until the results of dengue-specific tests become available.
Our findings also highlight laboratory features that are common in both dengue and SARS and therefore not useful in distinguishing between these 2 viral diseases. Lymphopenia is characteristic and of similar magnitude for both dengue and SARS. However, lymphopenia in dengue was also associated with depletion of total WBC count and neutrophil count, whereas for SARS, it was associated with normal total WBC count and normal-to-high neutrophil count. Neutrophilia in patients with SARS has been described in several case series but may be due to steroid treatment or secondary bacterial infection [15, 22] . This was not seen in our patients, most likely because the values were taken before the institution of any therapy. Elevated lactate dehydrogenase level is a predictor for poor prognosis in SARS [15] , but the majority of patients with SARS admitted early in the course of disease had normal values. Although we did not have data for the cohort of patients with dengue, lactate dehydrogenase levels have been reported to be moderately elevated in patients with dengue [25] ; therefore, this parameter is unlikely to discriminate between dengue and SARS.
Our study has a number of limitations. The sample size was small, although we were still able to construct a highly discriminatory model, adequately powered at 190% for all variables. However, it would be useful to confirm the findings with data sets from other areas affected by SARS. The study used SARS data from an outbreak, but these may differ in a nonoutbreak situation. We did not include epidemiological factors, but such data will provide important additional information in differentiating dengue from early SARS-in particular, a history of close contact with a patient with laboratoryconfirmed SARS or hospital staff during a nosocomial SARS outbreak. We did not consider other viral infections in which the patient may present with lymphopenia [26] . However, dengue is the most common and most difficult viral infection to distinguish from SARS in our setting and in that of many tropical countries.
This study suggests that a simple model of laboratory data may be helpful to differentiate dengue from SARS. Application of this information together with detailed epidemiological clues may help to avoid misdiagnosis of SARS as dengue fever, shorten the time of isolation of patients with fever until full diagnostic evaluation is completed, and optimize the use of isolation rooms and expenses for diagnostic tests. This is of particular importance in low-resource settings in which more elaborate early diagnostic tests for dengue, such as PCR or direct virus isolation, are not readily available.
